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Dd criptlon 



Th invention cone ms a m thod ior reducing ih 
carbon content In a teed Row of natural gas or other hy- 
drocarbon gases for a combustion process in ord r 
thereby to eliminate to the desired degree or at least to 
reduce the discharge ol carbon dioxides in the combus- 
tion otthe gas, e.g. in connection with a gas-fired power 

station. , ^ , 

During the combustion ol fossil fuels, coal, natural 
gas and other hydrocarbons, both water In the form of 
vapour and caibon dioxide will be found in the waste 
gases. The proportional incidence between these two 
gases will be dependent on the quantitive ratio of carbon 
to hydrogen in the fuel concerned Coal will produce al- 
most only carbon dioxide, methane wit) produce water 
and carbon dioxide in the ratfo d while hydrogen 
will only produce water. In the eflorts to reduce the 
greenhouse effect, the discharges of carbon dioxide are 
becoming ever less acceptable. Thus it is vitally impor- 
tant to limit these dlscharges,the best best solution be- 
ing to eliminate them entirely. 

The object of the present Invention is to improve this 
situation by providing a method for reducing the carbon 
content of natural gas and hydrocarbon gas. This reduc- 
tion should be capable of being implemented In such a 
manner that a desired degree of reduction of the COg 
content can be achieved after a combustion. The reduc- 
tion can extend ail the way through to the use of pure 
hydrogen as a fuel, thus completely avoiding the dis- 
charges of CPg. 

Thus a further object of the invention is also to make 
it possible for natural gas to be used as a fuel with a 
greatly reduced productfon of carbon dioxide, e.g. In a 
gas turbine. 

These objects are achieved by a method which ac- 
cording to the inventfon is characterized by the features 
in the claims presented. 

From DD-A-211 457 is known a method and an ap- 
* paratus tor the production of carbon black and hydrogen 
in a plasma reaction chamber. Feed stock in the form of 
hydrocarbons as liquid or gas is introduced via nozzles 
In one end of the reaction chamber and Is mixed Into a 
hydrogen plasma stream. Carton black is separated 
from the off gas and parts of the hydrogen formed are 
recycled for use as the plasma gas. 

From DD-A-276 098 is known a method in which a 
pan of a feed stream Intended for a steam-hydrocarbon 
reforming process Is decomposed to carbon black in a 
plasma reactton chamber. A commercial process for the 
productbn of hydrogen involves two steps. The first step 
Is the steam reforming of a hydrocarbon to give a gas 
consisting mainly of carbon monoxide and hydrogen. 
This gas is then reacted with steam at a lower temper- 
ature to shift the carbon monoxide to carbon dioxide and 
hydrogen. Separation of the carbon dioxide yields a 
product hydrog n stream. The process yi Ids a great 
excess of carton dtoxide which is consider d to be a 



product poor in energy and of littl economic valu .The 
invention relet s to a method of decomposing a part of 
the natural gas Into a high-grade carbon black withwil 
tow ring the amount of synthesis gas. 
5 Th invention is based on th fact that it Is possible 
to decompose hydrocarbons pyrolitically into carbon 
andhydrogen. By usingpurehydrogenasafu Ithedis- 
charge of carbon dioxWe will be elkninated. If carbon is 
removed from the natural gas or the hydrocarbon gas 
10 which is used as a fuel, the discharge of carbon dioxide 
will be reduced before the combustion. 

A reduction ol this kind can be canied out by per- 
formmg a complete or partial conversk)n of natural gas 
or hydrocarbon gases in a feed stream to a combustbn 
IS process .ThefeBdstreamlsdecontposedtolhedesired 
degree into carbon and hydrogen, whereof the natural 
gas with the reduced carbon content goes to combus- 
tion and the carbon constituent Is removed from the 
process tor separate appllcatton. Such a reduction can 
20 also be performed by converting a partial sUeam of the 
natural gas or the hydrocartxm gas. 

In both cases the decomposition into carbon and 
hydrogen will require energy. The energy content In the 
gases with reduced carbon content is lower than ki pure 
2S natural gas or hydrocarbon gas since the fiberated car- 
bon represents the lost energy. The result will be that 
more gas in total has to be supplied to the process In 
order to achieve the same net effect asf rom pure natural 
gas or hydrocarbon gas. The extent of this additional 
30 amount will be dependent on tiw degree to which the 
carbon content has to be reduced, i.e. the extent to 
which a conversion has to be performed, and also on 
the efficiency of the combustion process concerned. 
The object is to be able to use pure hydrogen as a 
35 combustbn gas in ordertherebylobeabletocompletely 
eliminate the CC^ discharges. 

At existing plants, however, there will be operating 
conditions v^^lch prevent the use of pure hydrogen, thus 
making it necessary to add a certain amount of hydro- 

40 carbons. 

The process is therefore designed so as to offer the 
posstollity of adding a certain amount of natural gas or 
hydrocarbon gas to the hydrogen stream and the 
amount can be adjusted accordhg to the operating con- 
4S ditfons. 

After a combustion process, the waste gases are 
purified by methods known In the art and the purification 
methods are often extremely expensive, as for example 
in the case of catalytic purlficatran. 
60 It has now been discovered that the expenses 'm- 
voh/ed in the conversion of natural gas or hydrocarbon 
gas v^ich are used as a fuel for a conAustion plant. L 
e. before combustbn, can be canpensated for, thus en- 
abling an economically justifiable process to be 
55 achieved despite the energy bss in the combustion 
stream. This is achieved by producing pure carton in 
addition to hydrogen in the pyrolytic process in them th- 
od according to the invention. The carbonaceous mate- 
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rial will be present in the form of carbon black and as 
such a materia) will have a very high value. Carbon black 
can, e.Q., be us d as a reduction agent in the metallur- 
gical industry or on the conventional 'carbon black mar- 
ket*. It the carbonaceous material is used lor anod s in 
the aluminium industry, this will entail substantial im- 
provements both trom the environmental and the eco- 
nomic point ol view, since the newanodes will not pollute 
either the electrolyte and thus the product or the envi- 
ronment by the discharge of sulphur and tar. 

Thus by means of the Invention a highly favourable 
combination has been obtained of financially profitable 
industrial productkjn and conservation of the erwiron- 
ment, Le. a reduction In pollution. 

In the lolkjwing section the Invention .will be de- 
scribed in more detail by means of an example of the 
use of ^ method 

As an example, the operation of a gas-fired power 
station based on natural gas as its energy source has 
been chosea The example Is intended to illustrate the 
main principles of the invention. Other applications of 
the invention could be the production of pure hydrogen 
and the use of the method In all processes v»^ere natural 
gas or another hydrocarbon are used as the energy 
source. The invention is particularly well sufted in con- 
nection with power productbn with fuel cells based on 
hydrogen as tfie means of combustion. 

In die s\jpp\^ line to a gas-fired power station, which, 
e.g., Is operated by the use of natural gas, e.g. methane, 
there is provided a reactor which is operated according 
to the pyrolytic principle with a plasma torch and which 
causes a decomposition of the incoming natural gas or 
hydrocarbon gas into a constituent of hydrogen and a 
constituent of carton particles. The reactor may be lo- 
cated In a branch line or a line bypassing the reactor 
The method ol operation of such a reactor and the de- 
sign of a plasnffi torch for this are described in the ap- 
pttcanfs simultaneous Nonvegian patent applications 
91 4904 and 91 4907. As described in these documents, 
a quality control can be performed for the carbon con- 
stituem. The hydrogen tonned Is also used via a return 
line as a plasma-forming gas for the torch, thus enabling 
this entire reactor to be operated without causing any 
pollution. 

The hydrogen gas from the reactor is then passed 
to the gas turbine where it Is used either alone or togeth- 
er with hydrocarbons (methane) as tuei in the gas tur- 
bine. The gas turbine is operated in aconventionai man- 
ner. However, ^ere is one major difference, which is that 
the discharge of carbon dioxide is reduced or completely 
eliminated. The degree to which the discharges of car* 
bon dioxide are reducsd will be dependent on how large 
a proportion of the supply to the gas turbine is composed 
pure hydrogen. Throughout the process, the propor- 
tion can be regulated In the entire area from no admbc- 
ture of hydrogen to pure hydrogen. 



Claim 

1. In a process lor gen rating energy by the combus- 
tion of natural gas or hydrocarbon gas a method of 

s reducing th discharge of carbon dbxid (romth 
process which method includes th following steps: 

- providing a feed stream of natural gas or hydro- 
carbon gas for use as fuat; 

- feeding the gas stream to the combustion proc- 
ess where it Is burnt to generate energy; and 

• discharging the waste gases; 

characterized in that: 

- the entire feed stream Is subjected before en- 
tering the combustion process to a pyrolytic 
process by mearts of a plasma torch In a do- 
composiiion reactor, tt^e process yielding car- 
bon, hydrogen, and, optionally undecomposed 
gas; and 

- removing the cartwn from the hydrogen and the 
undecomposed gas, if present, so that the gas 
stream exiting the reactor and entering the en- 
ergy-producing combustton process contains 
substantially only hydrogen and, optk^)y» un- 
decomposed gas. ' 

2. Amethod according toclaim 1 , characterized ^ that 
the feed stream fed to the combustion process has 
substantially no carbon content and is essentially a 

^ hydrogen fuel. 



PatentansprCche 

1, In einem ProzeB zur Energieerzeugung durch die 
Verbrennung von Erdgas Oder Kohlsnwasserstoff- 
gas umfaOt eine f^ethcde zum Reduzieren das 
AusstoBes von Kohlendioxld bel dem ProzeB die 
folgenden Schritte: 

- Schatten eines ZufOhrstroms von Erdgas Oder 
Kohlonwasserstoffgas zur Venwendung als 
Kraftstoff; 

• ZufOhren dss Gasstroms in die Veibrennungs- 
kammer. wo er verbrannt vArd, urn Ener^e zu 
erzeugen; und 

- AbfuhrenderAbgaso; 

dadurchgekennzeichnet.daQ: 
^ der ganze ZufQhrstrom vor dem Eintreten in den 
VerbrennungsprozeS mittels eihes Plasmabren- 

ners in einem Zers tzungsr aktor einam pyrcrfytl- 
schen ProzeB unterzogen wird, wobei dar Proze6 
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Kohlenstoff. WasserslofI und fakultaliv unzersetzle 
Ga$d lietert, und 

. der KohlenstotI aus dem Wassersloff und d m 
unzersetzlen' Gas, tails vorhanden, ntfemt « 
vflrd, so daO der Gasslrom, d r den Fteaktor 
zOndst und In don en rgie n ugenden Ver- 
brennungspfozGB einlntt, im wesentHchen nur 
Wassersloff und fakultaliv unzersetzta Case 
enthalten sind. 

2. Methode nach Anspruch 1 . 

dadurch gekcnnzelchnet. da6 der Zufuhrstrom. 
d8f dam VerbrennungsprozeB zugeluhrt wird. im 
wesenilichen keinen Kohlenstotlgehalt hat und im »5 
wesentlichen ein Wasserstoff-Kraftstoff ist 



Revendlcatlons _ 

20 

1. Proc6d6 de reduction de r6vacuation d'anhydride 
carbonkjue dans una operation de creation d'6ner- 
gle par combustion de gaz naturel ou d'un hydro- 
cartjure gazeux. le proc6dd comprenant les 6tapes 
suivant&s : ^ 

- ta formation d'un courant rfalimentalion en gaz 
naturel ou en hydrocarbure gazeux dastind k 
dtra ulflisd comma combustiblB, 

- la transmission du courant gazeux & una opd- so 
ralton de combustion dans laqualie il brOls en 
crtentde r6nergie, et 

- rdvacuatton das gaz us^s. 

caracldfisd en ce que ^ 



. la totality du courant d'afmnentalion, avant rfar- 
.fiver k rop6ration de combustion, est soumlse 
k una op6ratk)n da pyrolysa h I'aide rfun cha- 
lumeau k plasma dans un r6acteur de dScbm- 
positbn. rop6raiion donnanl du carbona. de 
rhydrog^ne et 6venluellement un gaz non d6- 
compos6» et 

. le ptocddd comprend rextradlon du carbona 
de Itiydrogftne el du gaz non d6compos6 te cas 
' 6ch6ant. da maniftre que ie courant gazeux 
quittant la rdactaur et arrivant k I'opdratton da 
combustion qui produit de I'^nergie contienna 
pratiquemenl uniquement de l^hydrogftna et 
dventueHement un gaz non d6compos6. 

1 Procddfl selon la revendicatfon 1 , caract6fis6 an ca 
que le courant d'alimentation transmis k Topdralion 
da combustkm ne contient pratiquemenl pas da 
carbone et est essentieliement formd d'hydrogftne 
combustible. 
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